We study plasmonic metal-cored glass fibres where, upon pulsed laser excitation, the coupling between plasmonic and dielectric modes induces strong light collimation and suppression of nonlinear absorption, providing a novel platform for tunable fiberized sources and sensors. Here we report our studies on multimaterial fibres with metallic core constituents, a novel platform for the study and utilisation of light-matter interaction under all-around, highly confined excitation of the functional cores over ultra-long macroscopic distances. We show that, upon injection of ultrashort laser pulses, the large fields localised in the plasmonic core strongly alter the overall mode profile and power response of the fibre due to the formation of a hybrid (plasmonic/dielectric) mode. As such, these hybrid fibre structures present a unique route to merge the fields of multimaterial fibres and fibre lasers with plasmonics, with potential applications in signal processing, sensing and sub-wavelength-scale optical imaging.
Since the turn of the century, multimode fibres have evolved from all glass structures to a multi-material realm where hybrid fibers composed of conductors, semiconductors and insulator cores in conjunction with predominantly polymer clads have been demonstrated. This has given rise to a wide variety of novel applications including metamaterials, light sources, photodetectors, sensors as well as medical imaging devices. Such fibres may be realized with a range of functional materials including metallic, amorphous, crystalline, and semiconducting alloys [1, 2] .
Here we report our studies on multimaterial fibres with metallic core constituents, a novel platform for the study and utilisation of light-matter interaction under all-around, highly confined excitation of the functional cores over ultra-long macroscopic distances. We show that, upon injection of ultrashort laser pulses, the large fields localised in the plasmonic core strongly alter the overall mode profile and power response of the fibre due to the formation of a hybrid (plasmonic/dielectric) mode. As such, these hybrid fibre structures present a unique route to merge the fields of multimaterial fibres and fibre lasers with plasmonics, with potential applications in signal processing, sensing and sub-wavelength-scale optical imaging.
We fabricated multimode silicate glass optical fibres with Au, Ag and Sn cores with radii down to 4 µm and cladding outer radii down to 15 µm by a Taylor-wire process [3] (Fig. 1) . The metal-dielectric structure of such silicate fibres is expected to support propagation of both plasmonic and dielectric modes. To investigate the weight of plasmonic effects on the overall fibre response we compared fibres with "good" plasmonic metal cores, Au (λ P =540 nm) and Ag (λ P =380 nm), and with Sn core, which is known to be a "poor" plasmonic metal.
To investigate the interaction between the plasmonic and dielectric modes, short laser pulses (100 fs pulse width at 1 KHz repetition rate) were injected into the fibres, and both the output beam profile and the input/output characteristics were collected across the visible spectral range (400 to 700 nm) at different pump intensities.
Notably, a highly collimated output beam was observed in these experiments for a broad range of excitation intensities and wavelengths. Fig. 2a shows the comparison between the output beam intensity profiles collected in the far field, at increasing distances from the tip of a bare silicate fibre, the Au-and the Sncored silicate fibres. All fibres used in the experiment had the same outer radius of 15 μm. While the output beam of the bare 978-1-943580-11-8/16/$31.00 ©2016 Optical Society of America fibre diverges so quickly that it becomes as large as the CCD sensor area at a distance of 5 cm, in the case of the Au core the intensity profile of the output beam shows much greater collimation, with narrow focusing at a distance of 8 cm. The corresponding output beam divergences are ~10 mrad and 70 mrad for the Au-cored silicate fibre and the bare silicate fibre, respectively. We attribute the self-collimation properties of the Au-cored fibre to the selection of the lowest order modes induced by the high-intensity pulses. This is confirmed by comparison with the output from the Sn-cored fibre, which, due to poor plasmonic properties, shows much poorer collimation (divergence of ~66 mrad).
Furthermore measurements of the power response function (P out vs P in ) at various wavelengths from 400 nm to 700 nm for Au-cored fibre shown in Fig. 2b show nonlinear absorption across different frequencies, with gain-like behaviour observed at 480 nm and 650 nm, which correspond to the effective index matching position between plasmonic and dielectric modes propagating along the fibres. The effective gain is due to nonlinear effects resulting from the weak coupling between the plasmonic and dielectric modes.
In conclusion, we fabricated a variety of metallic core/silicate glass clad fibres that exhibit a highly collimated output and nonlinear power response across a range of frequencies when pumped with intense laser pulses. Such hybrid fibre structures provide a perfect architecture for enhancing light-matter interaction by quasi-continuous excitation of the active cores. Strong energy confinement at the core/silicate interface induced by the excitation of surface plasmon polaritons may offer a new platform for the development of plasmonically enhanced fiberized sources and sensors.
